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Abstract Programs designed to educate farmers on the
safe use and application of agrochemicals, and to train
them in integrated pest management, are common in
developing countries, where the agricultural workers
overuse pesticides and fail to use adequate protection.
In this study, I evaluate the effects of exposure to both
types of programs—the use of pesticides and protection.
The data are from the Mekong Delta, which is the most
fertile region of Vietnam, produces most of the
country’s rice and vegetables. The Vietnamese govern-
ment began such educative campaigns in the late 1990s.
The results show that while the abovementioned pro-
grams are effective in promoting the use of personal
protection, they have less success in reducing the use of
pesticides. Moreover, the evidence suggests that the two
types of program are substitutes rather than
complements.
Keywords Safe use of pesticides . Personal protection
equipment . Vietnam . Policy evaluation
Introduction
The intensive and inadequate use of pesticides in agri-
culture is common practice in many—if not of all—
developing countries (Carvalho 2006; Karunamoorthi
et al. 2011). In these regions, the problem generated by
this misuse of agrochemicals is threefold (Dasgupta
et al. 2007b). First, pesticides pollute land and water,
especially when they are overused. Second, the farmers
who use these products often fail to wear adequate
protection and, by absorbing hazardous quantities of
pesticides, they are contaminated (Dasgupta et al.
2007a). Third, the residue of pesticides poisons fruits
and vegetables, which are then sold in the market, and
endanger the health of consumers.
Many countries, especially in the developing re-
gions,1 have promoted specific training programs to
educate their farmers in the correct use of agrochemicals
(particularly of pesticides) and in the implementation of
integrated pest management (IPM).2 In some develop-
ing countries—such as Malawi and Lebanon—these
programs have been effective in reducing the use of
pesticides (Orr 2003; Salameh et al. 2004). The aim of
these programs is firstly to reduce the use of pesticides
overall and secondly to teach farmers how to use them
and how to protect themselves properly while applying
them, to minimise the likelihood of poisoning them-
selves and others, and of polluting the land and water.
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1 In the developed world and, indeed, in rich countries, farmers need
training to switch from traditional practices based on agrichemicals to
innovative pest management techniques (Jones et al. 2009).
2 For a description of IPM, see Fagan et al. 1998.
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In the developing countries especially, farmers use pes-
ticides incorrectly, both in terms of quantity and
strength, and fail to protect themselves adequately
against contamination (Toan et al. 2013). So doing, they
absorb the products through their skin or through mu-
cosae, and inhale them during application. Furthermore,
the importance of these educative interventions is also
justified by the evidence (Zhou and Jin 2009) that
farmers with no or poor training in IPM and the safe
handling of pesticides use more toxic chemicals than the
other farmers.
The literature on the effectiveness of these programs
is abundant. While the evaluation of the results has
focused particularly on reducing the use of agrochemi-
cals, using approaches that are often questionable
(Kogan and Bajwa 1999; Van der Berg and Jiggins
2007), the effects of implementing other good practices,
such as the use of personal protective equipment (PPE),
has received little attention. This paper provides infor-
mation about this aspect of the traditional evaluation, in
terms of the reduction of pesticide use. The misuse or
the use of inadequate PPE is an important aspect of
farming: often the absorption of agrochemicals through
the skin, eyes and mucosae, during application, results
in the acute and chronic contamination of the farmers,
especially in developing countries (Kesavachandran
et al. 2009), and this happens because the workers fail
to use adequate protection.
Using data from theMekongDelta, this paper aims to
evaluate the extent to which exposure to such educative
programs affects the use of pesticides and PPE. In other
words, I wish to test whether the farmers trained in IPM,
and educated in the correct use of pesticides, employ
fewer of these agrochemicals and more PPE than those
who have not been subjected to these programs. I con-
duct this study in a comparative perspective, highlight-
ing the impact of each of the types of programs on the
use of pesticides and PPE, in order to understand wheth-
er focusing on IPM or on the safe use of pesticides has
different effects on the outcomes of interest.
The contribution of this study to the extant literature
is twofold. On the one hand, it provides an evaluation of
the impact of the two types of program on the adoption
of PPE by Vietnamese farmers—an aspect to which the
extant literature has paid little attention. On the other
hand, the analysis provides a comparison between two
types of programs often implemented in developed and
developing countries. To my knowledge, the extant
literature has never attempted such a comparison. In
particular, what is interesting is to understand whether
and to what extent different types of intervention are
complementary and/or substitutes. This paper aims also
to answer the latter question.
The results of the analysis presented in this paper are
indistinct. While the programs promoted by the Viet-
namese government seem to have been effective in
increasing the adoption of PPE, they do have someweak
and adverse effects on the use of pesticides in the
agricultural production.
Related literature
The policies of renovation (doi moi in Vietnamese)
which have been implemented since the 1980s have
redistributed the land of the socialist cooperatives to
private farmers, increasing the agricultural productivity
of the Vietnamese countryside (Migheli 2012), as well
as boosting the use of agrochemicals, especially pesti-
cides (Berg 2001; Ikemoto et al. 2008; Toan et al. 2013).
This increase in the use of pesticides has raised concerns
in public authorities about increased levels of soil and
water pollution and the number of farmers suffering
from the poisonous effects of these products. Although
the Vietnamese government has monitored the phenom-
enon inadequately (Toan et al. 2013), since the 1990s it
has promoted educative campaigns aimed at encourag-
ing the use of IPM and PPE and reducing the use of
pesticides (Huan et al. 2005; Khanh et al. 2006; Rejesus
et al. 2009).
Vietnam implemented two programs to reduce the
use of pesticides among rice farmers in 1992 and in
1997. Huan et al. (1999) show that these interventions
resulted in a significant reduction in the number of
sprays per season; Berg (2001) confirms that farmers
who followed IPM programs reported an average de-
crease in the use of pesticides of about 65%, while those
who did not follow such programs reported to have
increased the use of pesticides by almost 40%. McCann
(2005) observes that IPM techniques may not be the
most efficient way to reduce the use of pesticides, as
high transaction costs are associated with the transition
from the massive use of agrochemicals to the implemen-
tation of IPM. At the end of the last century, the Viet-
namese government supported a program for the pro-
duction of low-pesticide vegetables in the Red River
Delta. The results of these campaigns are however
mixed, showing minimal success in some cases (Van
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Hoi et al. 2009), although in others they led the targeted
farmers to reduce the use of pesticides, and to use
agrochemicals more efficiently than those who are did
not participate in the programs (Rejesus et al. 2009).
Thuy et al. (2012) claim that Vietnamese farmers
have poor knowledge of the risks associated with the
use of pesticides and care only for their efficacy in
killing pests to increase their income. Consequently,
not only are there many cases of acute and chronic
poisoning, but there is also an overuse of
agrochemicals, with the resulting pollution of
drinkable water resources and rivers. Phung et al.
(2012a) observe that the high rates of acute poisoning
among Vietnamese farmers are due largely to a lack of
information. In other words, the farmers are neither
sufficiently trained nor informed about the safe
handling and application of pesticides and other
agrochemicals. Berg and Tam (2012) find that even in
recent years, the quantity of pesticides used has in-
creased among the farmers who adopt IPM, while it
has decreased among those who do not. This has led
to an equal use of pesticides among the two groups of
farmers. This phenomenon seems to represent a failure
of the governmental programs aimed at reducing the use
of agrochemicals. Van Hoi et al. (2013) suggest that part
of this failure is caused by limited monitoring by the
local authorities,3 the corruption of the controllers and
the difficulties in reaching the poorest areas with edu-
cational and informative programs4. Nevertheless, a
large percentage of the rural population has been ex-
posed to such interventions in the past decades, render-
ing the evaluation of their effects possible and
interesting. Naziri et al. (2014) highlight the effective-
ness of collective actions in enhancing the adoption of
IPM, supporting the importance of the imitation effect
suggested by Rebaudo and Dangles (2013). Houbraken
et al. (Houkbraken et al. 2016) find that even among
relatively highly educated farmers, the percentage of
those who have consulted specialists about the proper
and safe use of pesticides in very recent years is low
(about 30%).
Few of the cited works evaluate the impact of the
programs implemented on the use of PPE. While it is
true that this may not be their core outcome, the adop-
tion of adequate protection is crucial in reducing the
incidence of poisoning and should be part of the cam-
paign aimed at promoting the safe handling of pesti-
cides. The extant literature reveals that the Vietnamese
farmers do not take sufficient precautions to protect
themselves from agrochemicals (Dung and Dung
1999). Indeed, agricultural workers are generally un-
aware of the real risks associated with the use of pesti-
cides and therefore use inadequate PPE and use danger-
ous chemicals, often incorrectly (Thuy et al. 2012).
Phung et al. (2012b) report that the use of adequate
PPE in the Mekong Delta is very rare and, in particular,
that the farmers often wear inadequate protection. In line
with this last finding, Phung et al. (2013) highlight that
several farmers, especially in the paddies situated in the
Mekong Delta, often wear shirts and trousers, but fail to
use gloves, glasses and masks to prevent inhalation and
absorption through the nasal mucosa and the eyes.5
Data and methodology
The Mekong Delta is one of the most fertile regions in
the world and is characterised by extensive agricultural
production, especially of rice, of which Vietnam is the
second largest exporter in the world. Rice not only
constitutes a main export good for the country but is
also one of the basic and most widespread foods in
Vietnam. Therefore, ensuring the safe and sustainable
production of rice in this area also has relevance in terms
of consumer health (Berg 2002).
The data used in the paper are from the World Bank
Microdata Library and are publicly available. The
dataset on the use of pesticides and PPE includes 603
households with complete data (approximately 1400
other households were interviewed, but several answers
are missing for these). All these households run agri-
businesses in the Mekong Delta as their primary source
of income. Some work part time in other farms or in
other local businesses (not specified in the survey) that
are not owned by their family.
The survey includes socio-demographic variables
and information about cultivated crops and field area
3 This problem is common to several developing countries (see for
example Mengistie et al. in press).
4 Rebaudo and Dangles (2013) propose simulations, which suggest
that an effective instrument to promote the dissemination of IPM is
social learning, i.e. imitating neighbours, who have already adopted
IPM. In other words, their work suggests that it is not necessary to train
all the farmers; rather, it is sufficient to train a significant number of
farmers, leaving the other to learn from them.
5 Similar situations are present in much of the developing world, such
as Indonesia (Yuantari et al. 2015) and Ghana (Okoffo et al. 2016).
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extension. Specific questions focus on the use of pesti-
cides (quantity, concentrations, number of sprayers,
number of applications during the last crop season),
the use of specific PPE and on the amount spent on
purchasing it and finally, on whether the household
followed educational programs both on the safe and
proper use of pesticides and IPM. The analysis present-
ed in the next section focuses on whether these two
types of educative program have an impact on the use
of pesticides and on the use of PPE. The effect on the
use of pesticides is measured by four different variables:
the number of applications made during the last crop
season, the concentration of the chemical product
sprayed per hectare of land cultivated, the percentage
variation in the quantity of pesticides used and the
probability of having increased this quantity since the
second-to-last to the last crop season. The use of PPE is
assessed through three different variables: the total an-
nual expenditure for PPE at household level and two
measures of the level of this protection. A complete
protective set includes a long-sleeved shirt, long trou-
sers, gloves, a hat, a mask, shoes and glasses. To obtain
a comprehensive measure of PPE, a principal compo-
nent analysis is run on the seven items listed above.
Table 1 shows the correlations between the adoption of
each of the seven types of protection and the two com-
ponents used. It can be observed that the first component
is a summary of all the seven types of protection, as it
correlates positively and statistically significantly with
all of them. However, the other component is a sort of
measure for the adoption of all types of protection,
except for shirts and trousers. Indeed, these garments
are different from the other types of protection, as they
are of more general use. In the comments on the results
and in the tables in which they are presented, I refer to
the two components extracted as “level of protection
(index 1)” or simply “index 1” and “level of protection
(index 2)” or simply “index 2” respectively. Table 2
shows the correlations between each item used to assess
the household's wealth and the components retrieved
from such items
The methodology used to answer the research
question of this paper is based on propensity score
matching (PSM) and on the computation of the aver-
age treatment effect for the farmers matched with
each other in the common support. After the calcula-
tion of the propensity scores and the individuation of
the common support, the average effects of the treat-
ment on the treated (ATTs) with respect to the two
treatments are calculated. I wish to stress that all the
common supports contain about 90% of the original
observations. This outcome suggests that the house-
holds were selected in the treatments almost random-
ly, but this randomness was incomplete.
To provide the reader with robustness checks, the
ATTs are computed using different matching algo-
rithms. In particular, I implemented nearest neighbour
matching (NNM), radius matching (RM) and kernel
matching (KM). For these last two procedures, I also
specified different radii and different bandwidths. Final-
ly, given the relatively small sample size, I also com-
puted standard errors using 100 bootstrap repetitions.
Table 3 shows the descriptive statistics of the
outcome variables. We can observe that the sample
presents much variability in both the expenditure on
PPE and the use of pesticides. The only variable that
shows a relatively low standard deviation is that
measuring the number of applications during the last
crop season. In this case, while the range is relatively
wide, most of the farmers reported spraying pesti-
cides between 3.5 and 6 times during the last crop
season. The figures on the expenditure on PPE are
also interesting: they reveal that some households (6
out of 603) did not spend anything on PPE during the
last year. It must be stressed that some farmers were
exposed to both programs, some to one only and
others to none. This means that a simple evaluation
of the impact of a single exposure may produce
biased results, as both the treated groups and the
control group contained individuals who had follow-
ed one of the two types of program. All the compar-
isons between groups that are needed to disentangle
all the possible effects are therefore performed and
presented.
Table 1 Correlations between the two components measuring
PPE and the equipment
Component 1 Component 2
Shoes − 0.200*** − 0.397***
Hat − 0.367*** − 0.436***
Glasses − 0.465*** − 0.553***
Mask − 0.573*** − 0.214***
Full sleeve shirt − 0.637*** 0.598***
Full lenght trousers − 0.671*** 0.578***
Gloves − 0.483*** − 0.301***
***p < 0.01, **p < 0.05, *p < 0.1
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The anticipated outcomes of the analysis present-
ed in this paper are summarised in the following
hypotheses:
H1: Training in safe application and handling of
pesticides increases the use of and expenditure on
PPE, while it has no forecastable potential effect on
the use of pesticides.
H2: Training in IPM decreases the use of pesticides,
while it has no forecastable potential effect on the ex-
penditure on PPE.
The last part of H2 relates to the fact that the imple-
mentation of IPM should limit the use of agrochemicals,
reducing the need of PPE. However, this type of training
should also make the farmers more aware of the risks
Table 2 Correlations between indicators of household’s wealth and their principal components. p values in brackets
Component 1 Component 2 Component 3 Component 4 Component 5
Television 0.425 0.423 0.045 − 0.015 0.022
(0.000) (0.000) (0.245) (0.715) (0.582)
Radio 0.423 0.102 − 0.040 − 0.026 0.461
(0.000) (0.012) (0.328) (0.522) (0.000)
Music player system 0.540 − 0.017 0.320 0.234 0.118
(0.000) (0.673) (0.000) (0.000) (0.004)
Video/DVCD 0.664 0.014 0.252 0.295 0.000
(0.000) (0.734) (0.000) (0.000) (0.996)
Bicycle 0.233 0.439 − 0.343 0.142 − 0.176
(0.000) (0.000) (0.000) (0.000) (0.000)
Motorbike 0.645 − 0.107 − 0.193 0.170 − 0.063
(0.000) (0.008) (0.000) (0.000) (0.121)
Refrigerator 0.413 − 0.377 0.114 − 0.066 − 0.395
(0.000) (0.000) (0.005) (0.106) (0.000)
Electric fan 0.460 0.471 − 0.211 − 0.185 0.116
(0.000) (0.000) (0.000) (0.000) (0.004)
Telephone 0.482 − 0.355 − 0.052 − 0.038 − 0.297
(0.000) (0.000) (0.198) (0.353) (0.000)
Computer 0.014 0.207 0.238 0.750 0.003
(0.730) (0.000) (0.000) (0.000) (0.935)
Cooker 0.580 0.212 0.018 − 0.350 − 0.092
(0.000) (0.000) (0.662) (0.000) (0.024)
Gas stove 0.662 0.029 0.178 − 0.216 − 0.138
(0.000) (0.476) (0.000) (0.000) (0.000)
Washing machine 0.133 − 0.341 0.301 − 0.141 0.168
(0.001) (0.000) (0.000) (0.000) (0.000)
Bathroom/toilet 0.510 − 0.149 − 0.157 0.032 − 0.157
(0.000) (0.002) (0.000) (0.433) (0.000)
Motor boat − 0.052 0.316 0.689 − 0.283 0.075
(0.199) (0.000) (0.000) (0.000) (0.067)
High quality furniture 0.519 − 0.215 0.034 − 0.038 0.415
(0.000) (0.000) (0.407) (0.353) (0.000)
Pipewater connection 0.333 − 0.125 − 0.409 − 0.030 0.496
(0.000) (0.000) (0.000) (0.460) (0.000)
Other high value items 0.198 − 0.037 0.006 − 0.040 0.022
(0.000) (0.369) (0.882) (0.324) (0.596)
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related to the use of pesticides. Therefore, the treated
farmers may decide to protect themselves better, even if
they use fewer chemicals.
Results and discussion
Table 4 presents the ATTs as being exposed to either
type of training, when the controls are exposed to nei-
ther. The first result is that both types of training in-
crease the quantity of money spent on buying PPE.
However, training in the safe application and handling
of pesticides generates greater expenditure on PPE than
training in IPM. The difference disappears when radius
matching is used. The difference between the values
estimated using radius matching and the other matching
methods is in the number of individuals in the control
group compared with the treated group, and in how
these are weighed (see Caliendo and Kopeinig 2008).
This means that the detected effect is statistically signif-
icant only when the treated group is compared with the
most similar farmer; when the similarity in terms of the
characteristics included in the computation of the pro-
pensity scores is relaxed, then the difference between
the treated group and the control group disappears. In
other words, the effect detected exists, but is statistically
not very robust.
With regard to the increase in the expenditure on
PPE, we can observe that the level of PPE also in-
creases. In particular, the first index shows that being
trained in the safe use of pesticides has a strong impact
and increases the level of protection between 22.40
(RM) and 44.28% (NNM) of a standard deviation of
the index. As expected, and in line with the results on
expenditure, the training in IPM has a much smaller
effect on the level of PPE, and this effect is not robust
in the use of different matching algorithms. When the
level of protection is assessed through the second index
(that correlates negatively with the use of long-sleeved
shirts and full-length trousers and positively with the
other protections), both types of training are effective in
increasing the level of PPE: their contribution is smaller
than in the previous case and almost equal. These dif-
ferences suggest that the main result of training farmers
in the safe use of pesticides is to encourage them to buy
and use long-sleeved shirts and full-length trousers.
Regarding the use of the other forms of protection, both
programs have a positive and statistically significant
effect, proving that sensitising the farmers about the
risks associated with the use of agrochemicals increases
the attention paid to self-protection. In other words,
ignorance of the harmful effects of pesticides on human
health is a major explanatory variable of the often-
detected inadequateness of PPE.
The other figures in the table refer to the effects of the
two types of training in the use of pesticides. Both
programs have no apparent effect on the quantity of
chemicals sprayed. This result is in line with other
studies cited in the earlier sections. Comprehending
the reasons behind this outcome is outside the scope of
this paper and the data contained in the survey would
not allow for reliable answers. However, some effects
on the number of applications and on the probability of
increasing the quantity of pesticides are visible in the
data. In particular, training in IPM is (barely) effective in
reducing the number of applications, although the size
of the effect is very small: around 0.15 fewer applica-
tions in a crop season, compared with a mean of 4.92
applications. Farmers trained in how to apply pesticides
reported more applications than the farmers who did not
receive any training in this. Perhaps the reason behind
this outcome is that trained workers feel more confident
Table 3 Descriptive statistics of the outcome variables
Mean Standard deviation Minimum Maximum
Total expenditure for protection (dongs) 41,050.58 23,595.24 0 146,500
Level of PPE (index 1) 0.000 1.348 − 3.190 5.941
Level of PPE (index 2) 0.000 1.217 − 5.845 1.180
Concentration of pesticides used (mg/ha) 145.18 253.57 0.233 2,225
Variation in the quantity of pesticides used (%) 4.358 19.476 − 70 60
Number of applications during the last crop season 4.952 1.411 1 9
Probability of increasing the quantity used (%)1 7.717 25.808 0 100
1) Variation in the last crop season with respect to the previous crop season
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and more protected, and therefore more prone (or less
reluctant) to use pesticides. Of course, this is the oppo-
site to the desired result and suggests that training pro-
grams should—at least—be redesigned. A more
positive outcome is that generated by training in IPM:
in this case, the treated group has a lower probability of
increasing the quantity of pesticides used in the last crop
season, compared with the second-to-last crop season.
Table 4 Average treatment effects of either program on farmers exposed to no treatment. Significance levels in brackets under the estimates








Nearest neighbour 9076.73*** 4344.55* − 5.074 8.312
Kernel (0.06) 6396.12*** 4497.85** − 0.070 − 3.071
Kernel (0.05) 6360.37*** 4056.85** − 0.198 − 3.121
Kernel (0.04) 6306.37*** 3570.36* − 0.603 − 3.349
Radius (0.1) 6647.29*** 6889.46*** 2.258 − 1.881
Radius (0.05) 6669.78*** 6919.69*** 5.000* 0.781
Effects on the level of PPE
(index 1)
Variation in the quantity of pesticides
used (decimal points)
Nearest neighbour 0.597*** 0.107 − 0.540 − 0.987
Kernel (0.06) 0.314*** 0.173* 0.574 − 0.270
Kernel (0.05) 0.315*** 0.170* 0.577 − 0.035
Kernel (0.04) 0.319*** 0.164 0.557 0.193
Radius (0.1) 0.320*** 0.175* − 0.656 − 1.710
Radius (0.05) 0.306*** 0.158* − 0.663 − 1.690
Effects on the level of PPE
(index 2)
Number of applications in the last
crop season
0.273* 0.302** − 0.045 − 0.224*
Nearest neighbour
Kernel (0.06) 0.279*** 0.263*** 0.211 − 0.116
*
Kernel (0.05) 0.280*** 0.262*** 0.210 − 0.113
*
Kernel (0.04) 0.280*** 0.262*** 0.207 − 0.152
* *
Radius (0.1) 0.298*** 0.284*** 0.186 − 0.017
*
Radius (0.05) 0.304*** 0.288*** 0.202 − 0.020
**
Probability of increasing the
quantity used
Training in pesticide use Training in IPM
Nearest neighbour − 0.015 − 0.103**
Kernel (0.06) 0.004 − 0.063**
Kernel (0.05) 0.004 − 0.060*
Kernel (0.04) 0.004 − 0.058*
Radius (0.1) − 0.007 − 0.077**
Radius (0.05) − 0.007 − 0.076**
*p ≤ 0.1, **p ≤ 0.05, p ≤ 0.01
Kernel matching: the values in brackets indicate the bandwidth used for the estimation of the ATT. Radius matching: the values in brackets
indicate the length of the radius used for the estimation of the ATT
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The impact is not large (between 5.8 and 10.3% points
less) and limited to the farmers trained in IPM. This
result suggests that IPM programs seem to have some
effect on encouraging the farmers to substitute pesti-
cides with other more sustainable techniques. However,
additional information about the harmful effects of pes-
ticides does not reduce their usage, nor does it reduce the
probability of increasing the quantities used.
The next table (Table 5) shows the results of com-
paring farmers exposed to formal training in both IPM
and in the safe use of pesticides (the treated group) with
farmers who were not exposed to any of these programs
(the control group). We can observe that the combined
effect of the two treatments has sizeable and statistically
significant effects on PPE but has almost no effect on
the use of pesticides. This last outcome—which differs
from that observed in Table 4—is led by the combina-
tion of the effects of the two programs. As the figures in
Table 4 show, the effect of one treatment almost always
has a statistically significant impact on the outcome
variable, while the other has none. Moreover, in some
cases, the two effects are of opposite sign. From a
statistical point of view, this may mean—as in the case
presented here—that the combined effect is not statisti-
cally significant. However, this does not mean that each
program, when taken on its own, has no effect on the
Table 5 Average treatment effects of both programs on farmers exposed to no treatment. Significance levels in brackets under the estimates
Effect on total expenditure on PPE (dongs) Concentration of pesticides (mg/ha)
Matching algorithm
Nearest neighbour 6795.18* − 9.334
Kernel (0.06) 7820.10*** − 1.460
Kernel (0.05) 7646.75*** − 1.140
Kernel (0.04) 7450.37*** − 1.224
Radius (0.1) 8758.10*** − 0.428
Radius (0.05) 8589.56*** 2.743
Effects on the level of PPE (index 1) Variation in the quantity of pesticides used (decimal points)
Nearest neighbour 0.146 − 1.651
Kernel (0.06) 0.224* − 0.119
Kernel (0.05) 0.220* − 0.009
Kernel (0.04) 0.215* 0.088
Radius (0.1) 0.257* − 1.840
Radius (0.05) 0.251** − 1.840
Effects on the level of PPE (index 2) Number of applications in the last crop season
Nearest neighbour 0.316* 0.181
Kernel (0.06) 0.331*** 0.195*
Kernel (0.05) 0.330*** 0.192*
Kernel (0.04) 0.328*** 0.186
Radius (0.1) 0.352*** 0.183
Radius (0.05) 0.364*** 0.203*
Probability of increasing the quantity used
Nearest neighbour − 0.066
Kernel (0.06) − 0.033
Kernel (0.05) − 0.031
Kernel (0.04) − 0.030
Radius (0.1) − 0.056
Radius (0.05) − 0.051
*p ≤ 0.1, ** p ≤ 0.05, p ≤ 0.01
Kernel matching: the values in brackets indicate the bandwidth used for the estimation of the ATT. Radius matching: the values in brackets
indicate the length of the radius used for the estimation of the ATT
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outcome variable. As Table 4 shows, each treatment has
some (albeit weak) effect on the treated group, when
these are compared with the non-treated (control) group.
Tables 6 and 7 show the ATTs for the farmers who
were exposed to both programs (treated group) in com-
parison with those who were exposed only to the other
treatment (control group). This procedure allows for
disentangling the effects of the two treatments on the
group of farmers exposed to both. In other words, com-
paring the treated group with the control group exposed
only to training in IPM shows the additional effects of
training in safe handling of pesticides on those who re-
ceived training in IPM (Table 6). Similarly, the figures of
Table 7 illustrate the additional effects of receiving training
in the safe use and handling of pesticides on those farmers
who also received training in IPM. These comparisons are
useful for two reasons: on the one hand, they enable the
two effects that overlap in the analysis presented in Table 5
to be disentangled. On the other hand, these figures allow
the incremental effect of each program on the other to be
evaluated, producing a more complete picture of the ef-
fectiveness of the two types of training. From Table 6, we
Table 6 Average treatment effects of training in safe handling of pesticides on farmers who were trained in IPM. Significance levels in
brackets under the estimates
Effect on total expenditure on PPE (dongs) Concentration of pesticides (mg/ha)
Matching algorithm
Nearest neighbour 7795.18** − 17.89
Kernel (0.06) 7082.08** − 1.490
Kernel (0.05) 7029.19** − 1.772
Kernel (0.04) 6955.46** − 2.027
Radius (0.1) 7818.49*** 0.531
Radius (0.05) 8099.53*** 2.093
Effects on the level of PPE (index 1) Variation in the quantity of pesticides used (decimal points)
Nearest neighbour 0.163 − 0.235
Kernel (0.06) 0.220 − 1.069
Kernel (0.05) 0.222 − 1.118
Kernel (0.04) 0.222 − 1.155
Radius (0.1) 0.227 − 1.253
Radius (0.05) 0.216 − 1.085
Effects on the level of PPE (index 2) Number of applications in the last crop season
Nearest neighbour 0.216 0.283
Kernel (0.06) 0.255* 0.256*
Kernel (0.05) 0.257* 0.252
Kernel (0.04) 0.258 0.249
Radius (0.1) 0.262* 0.288*
Radius (0.05) 0.240* 0.313*
Probability of increasing the quantity used
Nearest neighbour − 0.012
Kernel (0.06) 0.001
Kernel (0.05) − 0.001
Kernel (0.04) − 0.003
Radius (0.1) − 0.003
Radius (0.05) − 0.003
*p ≤ 0.1, **p ≤ 0.05, p ≤ 0.01
Kernel matching: the values in brackets indicate the bandwidth used for the estimation of the ATT. Radius matching: the values in brackets
indicate the length of the radius used for the estimation of the ATT
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observe that the additional effects of training in IPM on the
farmers who are also trained in the safe use of pesticides is
always (with one exception) null. While the figures in the
table are often great, the high variance of the outcome
variable in both groups and the small size of the group of
treated renders the effect statistically non-significant.
While I could claim that with large sub-samples, the results
may become statistically significant; I prefer to remain
conservative regarding the outcomes presented in the table
and to assess that—in terms of the variables considered in
this work—training in IPM does not add anything to the
effects of training in the safe use of pesticides. This result
does not imply that the training in IPM is useless; it simply
suggests that the two are substitutes, rather than comple-
ments. Table 7 suggests similar conclusions: the only
additional value of training in the safe use of pesticides
on people who also received training in IPM is visible in
the expenditure for PPE. Training in the safe use of
pesticides significantly increases this expenditure, al-
though it slightly affects the level of protection. This
means that the farmers who also received training in how
to handle pesticides buy more expensive protection than
the others. If we assume that more expensive protection is
also of better quality, then we might conclude that training
Table 7 Average treatment effects of training in IPM on farmers who were trained in safe handling of pesticides. Significance levels in
brackets under the estimates
Effect on total expenditure on PPE (dongs) Concentration of pesticides (mg/ha)
Matching algorithm
Nearest neighbour 9084.37 − 9.625
Kernel (0.06) 6933.97 14.129
Kernel (0.05) 5827.84 11.119
Kernel (0.04) 8102.75 7.715
Radius (0.1) 5856.54 20.100
Radius (0.05) 6332.13 17.110
Effects on the level of PPE (index 1) Variation in the quantity of pesticides used (decimal points)
Nearest neighbour − 0.243 2.412
Kernel (0.06) − 0.314 − 1.146
Kernel (0.05) − 0.299 − 0.807
Kernel (0.04) − 0.288 − 0.353
Radius (0.1) 0.356 − 1.775
Radius (0.05) − 0.382* − 1.266
Effects on the level of PPE (index 2) Number of applications in the last crop season
Nearest neighbour 0.455 − 0.244
Kernel (0.06) 0.290 − 0.099
Kernel (0.05) 0.319 − 0.137
Kernel (0.04) 0.350 − 0.187
Radius (0.1) 0.233 − 0.025
Radius (0.05) 0.220 − 0.006
Probability of increasing the quantity used
Nearest neighbour − 0.112
Kernel (0.06) − 0.117
Kernel (0.05) − 0.118
Kernel (0.04) − 0.117
Radius (0.1) − 0.117
Radius (0.05) − 0.116
*p ≤ 0.1, **p ≤ 0.05, p ≤ 0.01
Kernel matching: the values in brackets indicate the bandwidth used for the estimation of the ATT. Radius matching: the values in brackets
indicate the length of the radius used for the estimation of the ATT
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farmers in the safe handling of pesticides increases the
quality of the protection purchased. However, since the
effect is significant for the second index of protection only,
the quality of shirts and of trousers is unaffected by the
treatment.
Overall, the results presented in the previous ta-
bles suggest that training farmers in the safe use of
pesticides and in IPM affects both the level of the
protection they use when applying pesticides and
their use of it. However, while in the first case the
effects are strong and heading in the desired direc-
tion, in the second case they are more mixed and not
always statistically significant.
Finally, we can observe that H1 is confirmed, al-
though the farmers trained in the safe use of pesticides
tend to spray these products more often than the other
farmers. H2 finds weak support in the empirical results.
Instead, the training in IPM fosters the adoption of PPE,
while the use of pesticides is barely affected (although in
the expected direction, i.e. this type of training reduces
the use of these agrochemicals). With respect to the
extant literature on the topic, the evidence provided in
this paper shows that programs aimed at fostering virtu-
ous behaviours are effective, although the results may be
poorer than expected. While some works find that
educative and informative campaigns had sizeable
effects in reducing the use of pesticides, this is
apparently not always the case. Sometimes, these
programs seem to produce the opposite effect than
anticipated, as emerges from the analysis presented in
this paper, which is in line with the mixed results
obtained by Van Hoi et al. (2009) and Rejesus et al.
(2009). For this reason, a reflection on the policies
currently implemented is in order.
The sustainability of agricultural production de-
pends on how governments and workers will be able
to preserve soil and water resources from the damage
caused by an extensive overuse of chemical products.
In addition, the health of the farmers and their fam-
ilies also depends on these practices. Fostering the
use of PPE and limiting the use of pesticides will also
have positive consequences in terms of the health
component of human capital. Specific educative pro-
grams that focus on these aspects may help to achieve
this goal. However, it seems that it is not enough to
educate the farmers who, particularly in developing
countries, represent the fragile side of the market:
they are usually poor and tend to improve their con-
ditions, even when this is harmful to their health.
Governments and international institutions should
also educate the demand side to buy goods produced
in a sustainable way, when if they cost more. Finally,
governments could also offer temporary public sub-
sidies to sustainable production, for promoting the
adoption of innovative techniques.
Conclusions
As with many other developed and developing coun-
tries, Vietnam has promoted programs to increase the
implementation of IPM techniques and the use of PPE in
the agricultural sector. In spite of the efforts made, their
results still remain far from the desired outcomes. On the
one hand, the farmers do not invest enough in PPE; on
the other hand, they continue overusing agrochemicals,
including pesticides. The direct and indirect effects on
the health of the farmers and consumers are proved in
several scientific articles and reports.
The analysis presented in this work reveals two
main phenomena. Firstly, training in IPM and in the
safe use of pesticides seems to be substitute. This
means that treating farmers already exposed to a
program with another represents a waste of re-
sources, as the effects are null or very limited. Sec-
ondly, this outcome suggests that the current pro-
grams need to be redesigned in order to become
more effective. In particular, they are apparently
ineffective or even counterproductive in terms of
the quantity of pesticides used by the farmers. As
the results of this paper suggest, people who (think
they) know how to handle pesticides safely not only
use fewer products, but also tend to use more. In
other words, the farmers seem to limit the use of
pesticides when they perceive the risks, but do not
know how to handle the situation. The programs
should therefore also focus on the generalised risks
of the extensive use of these agrochemicals. While
farmers may tend not to consider the long-term
effects of such a behaviour, informative campaigns
may change the behaviour of both the farmers and—
perhaps above all—the consumers. In other words, if
the supply side of the market disregards the recom-
mendation of limiting the use of agrochemicals, as
the farmers fear that this would harm their profits, a
change in consumer’s attitudes—such as taking
place in developed countries—may also help to
modify the practices adopted by the farmers.
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